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Incidence and Development of the Disease First Outbreak
The disease was seen for the first time in February 1962 on a poultry farm with 3 poultry houses separated by 50-100 meters and each containing 5,000 fowls. There was very close contact between the fowls in the three houses. The fowls were leghorns, 10-12 months of age, that came from a state hatchery using eggs from the same farm. The animals were raised on old litter consisting of dried sheep manure. The ration consisted of a commercial mash with the addition of corn. Two months before the appearance of round heart disease, fowl cholera with a morbidity of 15%, but few deaths, occurred. A strain of Pastewella mziltocida was isolated from the wattles of a sick hen. The only other disease observed on the farm were individual cases of chronic respiratory disease.
The first to sicken were the birds in poultry house No. 1. The daily death rate varied from 20 to 40. Of a total of 4,500 birds, 1,800 died. This made it necessary to depopulate, leaving 500 fowl for experimental purposes. These were moved to appropriate premises on another farm. The death rate ceased 3-4 days after the birds were removed.
In poultry house No. 2 the disease occurred 10 days after removing the fowls from No. 1. Fifteen to twenty birds died daily. The birds were then moved to poultry house No. 1 after the litter had been taken out and the premises cleaned and disinfected. Mortality among these birds ceased 10-15 days after being moved. The disease did not occur in house No. 3 although conditions were identical to the other two houses.
Second Outbreak
The disease occurred in March 1962 in a poultry house of 5,000 12-month-old white leghorns. The old litter in this house consisted of finely chopped straw. The birds were fed a ration of mash. Another group of chickens, raised on the same farm but on different premises and fed the same forage, did not contract the disease. Chickens raised on premises close to the effected poultry house likewise remained healthy. O n this farm the disease continued one month and mortality reached 40%.
Third and Fourth Outbreaks
On two other farms the disease also appeared in March 1962 in poultry houses of 5,000 chickens each. In one of the houses old litter of ground corn cobs was used and in the other straw. The ration did not differ at all from that used on the first two farms. Here, again, mortality was rather high-25% and 30% of the fowls, respectively.
FCth Outbreak
In January 1966 the disease appeared again on the first farm. This time the disease occurred in poultry house No. 3. The birds were of the leghorn type but they were in no way related to those which contracted the disease in 1962. The old litter was prepared from dried manure, such as was used every year on this farm. The ration consisted of mash which was from the same source as that used on other farms in the same area. During the first week of the disease, 42 fowl died, during the second week, 209, the third week, 324, the fourth week, 314, the fifth week, 85, and during the sixth week, 20, or a total of 994 fowl (24%) died. The disease caused equal mortality in both sexes.
Clinical Signs
A few of the chickens had signs of the disease-depression and cyanosis of comb and wattles. Such birds usually stayed on the roost, even when the flock was being fed. They died after one or two days, but a few lingered for 6 days.
The majority of birds died suddenly and unexpectedly. They died on the roosts or while moving about. Thus the disease resembled the peracute and acute forms of fowl cholera and avian monocytosis.
Gross Pathologic Changes
Necropsies were conducted on 78 dead or killed birds.
Bo4 Cavity: In some cases there was a yellowish liquid mixed with fibrin.
Heart: The pericardial sac was greatly enlarged and filled with a pale yellow liquid which in some cases was coagulated. The heart in all cases was enlarged and the apex tended to be rounded (Fig. l) , thus assuming an oval form. The myocardium was mottled pale brown to grayish yellow and was friable. The dilated blood vessels on the surface of the heart, particularly the s. coronarius and s. longitudinalis, stood out in a prominent fashion. Infrequently haemorrhages were observed on the epi-and endocardium.
Liver: In 52 (66.6%) of the cases the liver was enlarged with a dark o r yellow to red hue. Very rarely, and especially in cases when it was distended with blood, the surface was covered with a thin layer of fibrin. In some cases the gall bladder was considerably diminished and filled with dark brown bile.
Kidneys: In 39 (50%) cases the kidneys were hyperemic, enlarged; in the remainder they were pale brown (anemic). As an exception they were within normal limits.
Ovaries: In all cases there was atrophy of the ovarian follicles. Spleen: Changes in the spleen were observed only if severe lesions occurred in the heart. In 22 (28.2%) of the cases it appeared to be enlarged and slightly congested.
In the remaining organs no essential change was observed. At times a catarrh of the duodenum and the colon, and an inflammation of the cloaca were observed. Rarely, in 3 cases, there were ecchymotic haemorrhages of the mucosa of the proventriculus, reaching the size of a pea.
Histologic Changes
Histological investigations were made from 38 hens which had various degrees of gross pathologic changes.
Heart: There were two types of myocardial lesions. In the majority of cases, fatty degeneration led to the accumulation of fatty droplets (Fig. 2 ) in the individual muscular fibres which were swollen and devoid of cross-striations. In more advanced cases, the muscular fibres had gradually disappeared and large fatty drops replaced them. In severe cases, the sarcolemmae of the muscular fibres were completely destroyed and replaced by confluent fatty accumulations (Fig. 3) . Less frequently a vacuolar degeneration of the muscular fibre was observed. This degenerative process resulted in partial or complete destruction of the myocardium. These two types of lesions could be observed simultaneously in the same heart. 
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In 16 (42.1 94) of the cases the degenerative changes were accompanied by interstitial lymphocytic infiltrates (Fig. 4) or perivascular infiltrates around the blood vessels. The intensity of the infiltrate varied from small foci to large diffuse areas causing the destruction of the muscular fibres.
Far less frequently the above changes in the myocardium were accompanied by hyperemia and haemorrhages.
Kidneys: In 23 (60.5%) of the cases we found necrotic changes of the epithelial cells of the renal tubules. The protoplasm of the epithelial cells became a rose colour (hematoxylin-eosin), and the cells had lost their cytoplasmatic outlines. The cytoplasmic changes were accompanied by nuclear changes consisting of pyknosis, while in other instances karyorrhexis was common (Fig. 5 ). Karyolysis and total disappearance of the nucleus were comparatively less frequent. The altered tubular epithelium separated from the basal membrane and became a homogeneous mass. Sometimes at one end of a tubule there would be bulging of epithelial cells with pyknotic nuclei and without changes in the protoplasm, while at the other end there was highly translucent cellular debris. Analogous changes, though less often, were observed in the glomeruli as well.
In 15 (39.4%) of the cases the changes described above were accompanied by a hyperemia and less frequently by an interstitial lymphocytic infiltrate (Fig. 6) .
Liver: In 28 (73.6%) of the cases there was congestion, and in some instances periportal lymphocytic infiltrates. Fatty degeneration of the epithelial cells and necrotic foci were uncommon.
Bacteriologic Investigations
Meat-and-peptone broth and agar, Tarotzi broth, blood agar, and serum agar were inoculated with material from the heart, liver, and bone marrow from 30 cadavers. After 48 hours' incubation, most of the media remained sterile. Staphylococci, E. coli, and C. pefringens were isolated from 4 cadavers but these isolates failed to reproduce the disease when inoculated into birds.
Attempts at Transmission
Three attempts were made to reproduce the disease under laboratory conditions. Each experiment consisted of 8-10 one-year-old chickens into which was inoculated 1 ml of a 10% emulsion prepared from liver, spleen, and pericardial fluid of diseased birds. In addition to this, the fowl were allowed to consume parts of the viscera of dead birds. All attempts at reproducing the disease were negative. No disturbance in the general condition of the birds was observed. To exclude the possibility of a viral infection, 10-day-old chicken embryos were inoculated. The inoculated chicken embryos remained alive up to the time of hatching.
Treatment
In the fifth outbreak selenium preparations were employed as treatment at the onset of the disease. During a 10-day period the fowl were treated with selenium dioxide but mortality did not decrease. T,ater, treatment with sodium selenate was begun but this preparation likewise had no curative effect. Treatment with sulfonamide and biofuran (a combination of biomycin and furazolidon) proved useless. At the beginning of the sixth week from the onset of the disease the old litter was removed and the birds were placed in small courtyards adjoining the poultry houses. The result of this measure could not be evaluated as the mortality had already begun to decrease.
Discussion and Conclusions
Our investigations confirm the opinion of the majority of authors -GERRIETS~, W I L S O N~~, KILIAN et d.', and others-that the disease is noninfectious. Associating the disease with the old litter may have some basis as the disease appeared on farms where old litter was the practice. However, it is impossible to establish what factors of old litter be the real cause of the disease, if any. For instance, in this country the disease appeared where old litter of various materials (well-seasoned sheep manure, finely chopped straw) was used. These materials are being used in many other farms where the disease did not appear. Moreover, while using the same materials in all poultry houses of a farm, the disease appeared only in some of the houses and not in others. By removing the old litter in some houses, the mortality ceased, but it had already begun to drop.
We excluded every possibility as to the etiological role of potato silage in zinc-plated vessels as G E R R I E T S~ believed. We do not consider the allergic response of J' . ptillortlm as responsible.
The point of KILIAN et al.7 that the disease was a lack of trace elements Cay I?, Nay Mn was not explored in our study. However, if <diet be the cause, it is difIicult to explain that feeding the same ration to all fowl on a given poultry farm does not result in the occurrence of the disease in all poultry houses in all instances. The rations on these farms were adequate for mineral content. The data given by SIEGMANN and W O E R N L E~~ and KILIAN et al.' suggest that the cardiac lesions originate from fatty degeneration. This does not agree with KONA and BE LO BRAD^. Our investigations have shown that there are two changes, a fatty and a vacuolar degeneration of the myocardium. These may be observed in the same heart. We did not see the myocardial necrosis described by KONA and BE LO BRAD^.
In 42.1 yo of the cases, we observed lymphocytic infiltration about the degenerative foci in the interstitium. This agrees with the data of KONA and BELOBRADS and SIEGMANN and WOERNLE~~. We did not find the eosinophilic cellular infiltrates in the myocardium as reported by KILIAN et al. 7 In 60.5% of the cases we observed necrosis of the epithelial cells in the renal tubules. Although these changes are not strictly specific, their incidence suggests they are an essential morphologic change of round heart disease. They have not, so far, been described in the literature.
Atrophy of the ovaries, seen in all hens, was also noted by KILIAN et al. 7 The pathologic changes seen by us, particularly those of the heart and kidney, strongly suggest a toxic injury. The pathogenesis of these lesions and the etiologic factors are presently unknown.
The treatment of the sick birds with selenium dioxide failed to limit mortality. Our studies contradict the success of NATSCHEFF~~.
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Clinical and pathologic methods and attempts at transmission were employed to study so-called round heart disease of the domestic fowl. These studies indicate that the disease is noninfectious. The use of old litter in poultry houses contributed to the appearance of the disease but was not the sole etiologic factor. Zinc-plated feeders were not involved. The disease could not be reproduced by inoculation or feeding of affected material. Treatment of affected fowl with selenium dioxide was ineffective. Fatty and vacuolar degeneration of the myocardium and severe renal necrosis occurred. The disease is attributed to toxic injury. Its mechanism and the factors that condition it remain unknown.
